ABSTRACT Traps baited with synthetic lures (ammonium acetate and putrescine) captured as many Mexican fruit ßies as the traditional torula yeast/borax slurry, but with far fewer (ratio 5:1) nontarget insects. Ninety percent of the nontarget insects were dipterans. Consequently, neither trap is efÞcacious against other citrus pests, which are mainly Hemiptera or Lepidoptera. Although the nontarget catch is sometimes referred to as "trash," many nontarget insects are beneÞcials, including predators and parasites (especially tachinids). The traps with synthetic lures killed fewer of these beneÞcials by a ratio of 4:1 compared with the yeast-baited traps. Certain taxa, notably the chrysopids and halictid bees, exhibited a somewhat greater preference (10 and 50%, respectively) for the synthetic lures. Overall, with regard to the deployment of the newer baits, the threat to predators, parasites, and pollinators was found to be negligible, and certainly much less than that posed by the traditional traps.
THE GLASS MCPHAIL TRAP has long been the standard method for detection and surveillance of tephritid pests (Cunningham 1989) . The traditional trap conÞguration is an inverted glass jar, with an opening at the bottom, designed to hold a liquid bait (McPhail 1937) . The liquid, typically an aqueous slurry of yeast or protein extract, serves as both the attractant and the capture medium. Although observations indicate that insects can, and sometimes do, ßy back out the hole they entered, more often they fall into the liquid and drown (Aluja et al. 1989 ). There are some drawbacks to the deployment of McPhail traps and there has been an effort to replace the traditional glass trap with a plastic substitute. Because of their solid, one-piece glass construction, McPhail traps are bulky and therefore awkward to service and transport (Fig. 1a) . Also, the proteinaceous liquid is attractive to many insects besides the targeted fruit ßies, requiring a certain amount of sorting and separation to obtain results. Under normal protocols, the traps are in constant operation and serviced on a weekly schedule. As a consequence, the captured insects undergo some microbial decomposition in the liquid and such degradation limits their value for DNA or other chemical analyses. Newer trap conÞgurations are made of lighter weight plastic with two-piece construction so they are stackable for easier transport (Fig. 1b) . Moreover, because the plastic trap can be opened, its contents are more accessible, and such access is amenable to a wider variety of lures, including nonliquid baits. By using artiÞcial lures, the capture liquid can be replaced with a pesticide, an adhesive surface, or a preservative such as propylene glycol. Such trap-lure conÞgurations are as effective and sometimes capture more fruit ßies than the traditional yeast-baited traps (Robacker and WarÞeld 1993, Katsoyannos et al. 1999) . Moreover, because the synthetic lures are more speciÞc to fruit ßies, fewer nontarget insects accumulate in the traps, which reduces labor required to sort the catch, and this is usually cited as a cost beneÞt of the newer trap-lure conÞgurations (Thomas et al. 2001) .
Anecdotally, much of the nontargeted portion of the catch are insects such as house ßies attracted to the odor of fermentation or decomposition. Among the nontargeted insects are beneÞcials, including biological control agents and pollinators (Aluja 1999) . Conversely, other fruit pests are also killed whose demise may not be as lamentable. The objective of the current study was to compare the nontargeted catch of the yeast-baited McPhail traps to that of the synthetically baited plastic traps and thus obtain data to document the beneÞts, if any, of the newer trap conÞgurations.
Materials and Methods
Traps and Lures. The standard glass McPhail traps were baited with 350 ml of an aqueous slurry consisting of three 5-g pellets that were 2.25 g of torula yeast and 2.75 g of borax. A plastic version of the McPhail trap, manufactured by and marketed as the Multilure trap, was baited with a synthetic lure available commercially as Biolure (SUTERRA Inc., Bend, OR) . This lure consists of two packets that have an adhesive side for sticking them to the inner wall of the traps. The attractants released from the packets are ammonium acetate and putrescine. The trap liquid was a commercial formulation of propylene glycol (Prestone Low Tox antifreeze) diluted to 20% strength with water.
Study Sites. Three sites were chosen for study that were ecologically different: a commercial citrus grove, an abandoned grove, and a grove of native trees related to citrus. The yellow chapote, Sargentia greggii S. Wats., is a native Rutaceae and preferred host of the Mexican fruit ßy, Anastrepha ludens (Loew) (Plummer et al. 1941) . This grove was located on the banks of the Rio Pablillo near the village of San Rafael in Nuevo Leon, Mexico (elevation 450 m). Although the chapote was the dominant species, it was not the only tree present, and the site also had an understory of native vegetation. Traps were placed in an active commercial citrus grove in the town of Linares, Nuevo Leon, Mexico (elevation 350 m). Normal grove management included irrigation, fertilization, pesticide application, harvesting of the fruit, disking for weeds, and orchard sanitation (removal of fallen fruit). For comparison, an abandoned citrus grove near Mercedes, TX (elevation 23 m), was included in which no grove management techniques were in effect. Although the only water received in the latter grove was from rainfall, weedy growth was almost as tall as the citrus trees and though fruit production was considerably less than that in maintained groves, volunteer fruit could be found both on the trees and on the ground throughout the year.
Test Protocol. Traps were deployed at each of the sites and operated for a period of 1 wk during each month of 2001, except when ßooding prevented access to the trees at the Rio Pablillo site in May. During each monthly replicate, 10 traps were deployed at each site; Þve torula-baited traps alternating with Þve Biolure traps. In the orchard tests, the traps were placed in alternate rows so that distance between traps was uniformly Ϸ10 m. The traps were placed in the same trees each month, but the trap type was rotated between months so that a tree that had a glass trap 1 mo would have a plastic trap the next. In the yellow chapote grove, distances between traps was more variable because of the natural dispersion of the trees. At this site, 10 mature trees were selected and the traps rotated among them. At the end of each sample period, all of the traps were serviced by pouring their contents through a mesh strainer to separate the insects from the liquid. The insects strained from each trap were transferred to a separate jar of alcohol and labeled. All of the insects captured in the traps were subsequently identiÞed to family, or in some cases, genus and species. Voucher specimens are maintained at the USDAÐ ARS laboratory in Weslaco, TX, except those retained by outside identiÞers.
Statistical Analysis. Trapping data were analyzed statistically by calculating monthly means, standard deviations, and variances, in captures by site and by trap type. The calculated means were then compared using StudentÕs t-test.
Results and Discussion
A total of 18,091 specimens, representing 10 orders of arthropods, was captured in the traps. These included 28 families of Diptera, 22 of Lepidoptera, 20 of Hymenoptera, 13 of Coleoptera, nine of Hemiptera, two of Neuroptera, two of Orthoptera, one of Blattaria, and one of Psocoptera. The latter was represented by a single specimen of Psocidae. As expected, and by a ratio of 5:1, the bulk of the material came from the yeast-baited, glass McPhail traps: 14,925 specimens, equaling 82.5% of the total catch. The remaining 3,166 specimens captured in the synthetically baited plastic .0 ßies in the Multilure traps (t ϭ 1.1, df ϭ 22, P ϭ 0.14). There were strong site effects and seasonality that inßuenced these numbers as discussed below. The McPhail trap is essentially a ßy trap in that the majority of the arthropods caught in the traps are dipterans, 89.3% of all captures in this test. The dominance of Diptera held in both trap types; the yeastbaited traps having 90.6% ßies and the Biolure traps with 82.8% ßies. This proportion held over all three sites and was statistically signiÞcant when the mean proportions were compared among sites (t ϭ 3.02, df ϭ 4, P ϭ 0.02). The difference between the traps is greater when the targeted tephritids are removed from the equation. Dipterans made up 90.1% (12,672 of 14,069) of the nontargeted catch in the yeast traps, but only 79.6% (2,128 of 2,672) of the nontargeted catch in the Biolure traps. As the percentage of Diptera decreased in the Biolure traps, the percentages of the other orders increased proportionately (Table 1) . This means that the change in proportion resulted primarily from a lessened attractiveness of the artiÞcial lure to nontargeted dipterans.
Site and Seasonality Effects. Habitat differences were an important determinant of numbers captured. About half of all captures (51.7%) were taken in the native vegetation. The weedy, abandoned grove was next with 39.3% of total captures. The commercial grove, essentially a monoculture, had the lowest proportion of captures, only 9% of the total. The difference between the two citrus sites was not statistically signiÞcant (t ϭ 1.02, df ϭ 21, P ϭ 0.16), but the difference in monthly means between the chapote site and the citrus sites was signiÞcant (t ϭ 2.00, df ϭ 32, P ϭ 0.03).
Diversity followed a similar pattern. Seventy-four families were represented in the native vegetation, with almost as many, 71 families, captured in the abandoned grove. The commercial citrus grove had only 55 families represented. The most conspicuous missing families at the commercial grove were lepidopterans. Nineteen families of butterßies and moths were captured in the native vegetation, but only 10 families in the operational citrus grove.
An important site effect detected in this study concerned the target insect A. ludens. Only in the operational citrus grove did the artiÞcial lure outperform the yeast based lure, 137 versus 104 captures, but this difference was not statistically signiÞcant (t ϭ 0.74, df ϭ 22, P ϭ 0.23). In the native vegetation site and the abandoned grove, the yeast traps caught more A. ludens by a 2:1 ratio (752 versus 357 adults) over the synthetic lures. But only at the abandoned Texas grove was the difference in monthly means signiÞcant (t ϭ 1.94, df ϭ 22, P ϭ 0.03). A variable that must be considered is that the ßies at the Texas site were sterile ßies released by the Sterile Insect Technique program, whereas the ßies at the Mexican sites were wild insects. Hence, numbers of the target pest captured among sites is not directly comparable. The lures are feeding attractants that induce a response in insects with protein hunger (Robacker 1998) . It is suspected that the greater accumulation of dead insects, and concomitant decomposition due to increase of microbial load in the traps, might have enhanced attraction of the liquid bait compared with the traps with antifreeze. In practical terms, these traps will be used in most instances to survey managed groves and urban habitats where insect populations are generally lower than in native vegetation. The present data suggests that accumulations of dead nontarget insects is less of an inßuence under these circumstances and therefore the synthetic lures are as effective as the torula yeast for surveying A. ludens in these habitats.
Captures of the target and nontarget insects were strongly seasonal. Activity peaks occurred in the spring and fall with low ebbs in winter (January) and late summer (August). At the sylvatic site, where the yellow chapote is the primary host, there was a single peak in abundance of A. ludens, in early summer, corresponding to the annual fruiting season of this plant from March to May. The mean number of A. ludens captured in June and July at this site, presumably adults from larvae that developed in the spring crop of yellow chapote, was 328 Ϯ 148 ßies, whereas the mean monthly capture for the balance of the year was only 12 Ϯ 20 ßies. In the citrus groves, mature fruit is present on the trees throughout the winter, October through February. Two peaks in abundance occur, Þrst at the beginning of the fruiting season, and the second at the end. Most likely the peaks in captures reßect favorable conditions for survival and activity at those times with a mid-winter nadir resulting from cool temperatures. At the Texas site, the ßies are steriles released at a uniform weekly rate, hence the variation in numbers captured is not due to a change in abundance. For the four peak months of February, March, October, and November, the mean monthly capture totals were 63 Ϯ 23 ßies. For the balance of the year the mean number of monthly captures was 11.5 Ϯ 9.4 ßies. At the Mexican citrus grove the captured ßies were from the wild population, yet the seasonality was similar, and probably due to the same causes. That is, favorable climate enhanced adult survival and activity, resulting in higher captures. The peak months were February, March, and September through November. Mean captures for these months was 31.2 Ϯ 12.9 ßies, versus 14.2 Ϯ 8.8 ßies during the balance of the year, and this difference was statistically signiÞcant (t ϭ 2.51, df ϭ 9, P ϭ 0.017). Dipteran Captures. Ninety percent of all captures were ßies. The yeast-baited traps caught more ßies than the Biolure traps by a ratio of 5:1. The family with the most total combined captures was the Lauxaniidae (Table 2) . Several different species were represented, and the majority was taken in the sylvatic chapote site, most of them in the late spring. Lauxaniids breed in decaying leaf litter (Miller 1977) . According to Shewell (1987) , they are commonly captured in traps baited for drosophilids and sarcophagids. In the current study, sarcophagids and drosophilids (Drosophila) ranked second and eighth in abundance of captures, respectively. Members of both families breed in decaying matter, which in the case of Drosophila includes decaying citrus fruits.
The fruit ßies of the family Chloropidae were well represented in the traps, ranking fourth in numbers captured. The fruit ßies also breed in dead plant matter, mainly dried or decaying grasses (Wilbur and Sabrosky 1936) . They are a nuisance to orchard workers because the adults are attracted to sweat and other body secretions (James and Harwood 1970) .
Phorids ranked third in abundance. These small ßies are varied in habits. They are usually associated with damp leaf litter, but they may be saprovores, fungivores, or even predators. The Þrst Þve ranking families, lauxaniids, sarcophagids, chloropids, phorids, and tephritids, accounted for 75% of all ßies taken in the yeast-baited McPhail traps. In the Biolure-baited plastic traps, the drosophilids replace the chloropids in the rankings, and these top Þve families accounted for 77% of all ßies trapped. The primary difference between the trap types in terms of family representation, other than the greater proportion of tephritids in the Biolure traps, is the greater proportion of sacrophagids and calliphorids in the yeast-baited traps. It is likely that these ßies, which breed mainly in carrion, were attracted to the odor of decomposing insects accumulating in the McPhail traps, although the fermenting yeast odor is certainly attractive as well.
Beneficial Insects. Of the 18,091 total specimens captured, 1,701 (9.4%) were predators or parasitoids. The pattern in captures of these beneÞcials was similar to the general pattern in that the yeast-baited traps captured more than the Biolure traps in all three habitat types (Table 3) urations, many more parasites and predators were captured at the sylvatic site (1,359) than at the cultivated sites combined (342). The disparity probably reßects the greater biodiversity of native habitats over agroecosystems (Altieri 1994) . For similar reasons, predators and parasites were more abundant in the abandoned grove than in the maintained grove; the disparity on the order of Ϸ2:1. Lacewings, family Chrysopidae (Neuroptera), are attracted to McPhail traps (Neuenschwander et al. 1981) . In this study, they were twice as abundant at the sylvatic site as at the agricultural sites. But with respect to trap type, this taxon did not follow the general trend. Although the difference was not statistically signiÞcant (t ϭ 0.79, df ϭ 20, P ϭ 0.22), there were actually more adult lacewings caught in the synthetically baited traps than in the yeast-baited traps, 101 versus 92, respectively. Three genera were predominant, Chrysoperla, Ceraeochrysa, and Leucochrysa. All of these are nectar feeders as adults. Larval stages of lacewings are generalist predators. In citrus, they are considered important in the biological control of blackßies and aphids (Cherry and Dowell 1979, Agnew et al. 1981) .
Chamaemyiid ßies, well represented in traps at all three habitat types, are another important natural control agent of aphids (McAlpine 1987) . It should be noted however, that abundance of these predators in the traps may not be indicative of their relative abundance in nature. Syrphid ßies are believed to be the most important citrus aphid predators among the dipterans (Michaud 1998) , but these were not attracted to the traps in signiÞcant numbers (only 14 specimens). It isnÕt known whether the interaction of these various aphid predators is augmentative or competitive. In this regard, the commonest ant in the traps was the honey ant, Crematogaster spp. These ants are opportunistic predators, but their primary food source is the honeydew of aphids and other homopterans, all of which are considered to be major pests of citrus. The ants tend the aphids and protect them from predators such as the lacewings and chaememyiids.
The family Tachinidae formed the largest component (58%) of the predatorÐparasite guild present in the traps. This was a diverse group with the most abundant species trapped being the ßy Paradejeania rutilioides (Jaennicke). This ßy is a parasite of armyworms and other large lepidopteran larvae (Cole 1969) . These were captured only at the sylvatic site and by a proportion of 8:1, mostly in the yeast-baited traps.
Pollinators. Honey bees, Apis mellifera L., and other wild bees were captured in the traps, though only in small numbers. Given the abundance of these insects, the traps cannot be considered a hazard to any signiÞcant degree. The majority that was killed were at the sylvatic site. All four megachilid bees were captured in the yeast-baited traps as were all three anthophorid bees. Of the 23 honey bees captured, only three were killed in the synthetically baited traps. Running against this trend was the Halictidae. Almost all of the halictids (72 of 76) were captured at the sylvatic site. But the majority, 46 versus 30, was captured in the Biolure traps. Though the difference in capture rate between traps was not statistically signiÞcant (t ϭ 0.25, df ϭ 20, P ϭ 0.40), it was different in that they did not favor the yeast-baited traps as do other insects. Halictids are attracted to mammalian body odors, hence their common name "sweat bees." In addition to a craving for salt, halictids are also facultatively necrophagous, supplementing pollen collection by feeding on carrion (Roubik 1989) . This behavior might explain their attraction to the odor of the synthetic lure.
There are no insects in Mexico classiÞed as endangered under the Convention on International Trade on Endangered Species of Wild Fauna and Flora (Berry-Wade 1993). The swallowtail Papilio esperanza Beutelspacher, known only from the mountains of Oaxaca (de la Maza 1987), has been proposed for ofÞcial status. Although many swallowtails are citrus feeders and are common insects in citrus groves, only one specimen managed to enter our traps. It is likely that a large wingspan makes entry to the trap difÞcult. The only protected insect in Mexico is the monarch butterßy, Danaus plexippus (L.), and although it was seen at all three study sites, it was not captured in the traps. Butterßies were rarely captured in the citrus groves (Þve specimens in the active grove and two in the abandoned grove), but were not uncommon at the sylvatic site. As with the general trend, the yeastbaited trap caught far more day-ßying Lepidoptera than did the Biolure traps, 49 specimens versus 20. The skippers, family Hesperiidae, were the commonest group captured (31 of the total), although Nymphalidae, Satyridae, Papilionidae, Libytheidae, and Lycaenidae were also caught.
Pest Insects. The major pests of citrus, besides the targeted fruit ßies, are mainly hemipterans such as whiteßies, aphids, and an array of scale insects (Quayle 1938 , Dean et al. 1983 . In spite of their abundance on citrus trees, including the orchards where these traps were located, the incidence of these pests in the traps was no more than occasional. The design of the trap allows only agile ßiers to gain entrance and this evidently precludes the effective sampling of these groups. Leaffooted bug Leptoglossus zonatus (Dallas) was captured but not in signiÞcant numbers (four total). Gracilariids were the commonest lepidopterans taken (199 total). But the distinctively marked leafminer pest species Phyllocnistis citrella Stainton was not among them.
In summary, Biolure was found to attract no more fruit ßies than the traditional yeast slurry in this test, but it attracted far fewer nontarget insects. The nontarget insects captured were primarily other species of Diptera, representing 90% of all captures. Among these was a number of beneÞcials, especially tachinids. Although the traditional bait attracted larger numbers of insects, this did not translate into a collateral beneÞt from the removal of important pest species. The results also indicate that the newer trap-lure conÞgura-tion poses less of a hazard to butterßies and is a negligible threat to pollinators.
